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[57] ABSTRACT 

A sampling point generating apparatus generates sampling 
points on an original curve even at gentle slope portions of 

the original curve and, according to the sampling points, 
provides a curve that closely approximates the original 

curve. To accomplish this function, the apparatus has a unit 

for drawing a straight line between the start and end points 

of the original curve; a unit for calculating errors between 

the coordinates of the original curve and the coordinates of 

the straight line; a unit for detecting extremal value points, 

where increase or decrease in the errors is reversed, accord 

ing to the errors; and a unit for generating intermediate 

points among the extremal value points. The extremal value 

points and intermediate points are used as sampling points to 

provide a cubic curve that closely approximates the original 

curve. ' 

3 Claims, 12 Drawing Sheets 
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SAMPLING POINT GENERATING 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a sampling point gener 
ating apparatus for generating sampling points on an original 
curve and forming a cubic curve that approximates the 
original curve. 

Output units such as displays and printers are required to 
provide high-quality outputs. One method of providing 
high-quality character outputs is to employ outline fonts that 
express each character as outlines. 

Outline fonts usually employ spline curves and Bezier 
curves represented by cubic expressions. Sampling points to 
form a cubic curve are obtained on an original curve through 
complicated calculations such as spline smoothing calcula 
tions. These calculations take time and reduce the processing 
speed. There is a technique for ?nding sampling points on an 
original curve according to the angle of each vector on the 
original curve but the quality of cubic curves provided by 
this technique is poor. It is thus required to provide a 
sampling point generating apparatus that speedily generates 
sampling points to form a cubic curve that precisely repre 
sents a character outline. 

2. Description of the Related Art 
A sampling point generating apparatus according to a 

prior art calculates an angle formed between straight lines 
that pass through adjacent coordinates on an original curve, 
and if the angle exceeds a given threshold, generates sam 
pling points at the coordinates. The start and end points of 
the original curve also serve as sampling points. The coor 
dinates of the sampling points are stored in a memory. The 
sampling points are interpolated to provide a curve that 
approximates the original curve. 

This approximate curve does not include gentle slope 
portions contained in the original curve. This problem 
occurs because the prior art generates the sampling points 
according to angles formed by straight lines and discards 
small angles below a threshold, so that no sampling points 
are formed on the gentle slope portions. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 10 
sampling point generating apparatus that generates sampling 
points even on gentle slope portions in an original curve, to 
form an approximate curve that is very close to the original 
curve. 

In order to accomplish the object, a sampling point 
generating apparatus according to a ?rst aspect of the 
present invention has a straight line coordinate calculation 
unit for drawing a straight line between the start and end 
points of an original curve, an error calculation unit for 
calculating errors between the coordinates of the original 
curve and the coordinates of the straight line, an extremal 
error value point detection unit for detecting an extremal 
error value point where the increase or decrease in an error 
is reversed, and an auxiliary point generation unit for 
generating an auxiliary point, i.e., an intermediate point 
between the extremal error valuepoint and a previously 
detected extremal error value point. The apparatus provides 
the extremal error value points and auxiliary points as 
sampling points to form a cubic curve. 
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2 
In this apparatus, the straight line coordinate calculation 

unit calculates the coordinates of a straight line connecting 
the start and end points of an original curve. The error 
calculation unit calculates errors between the coordinates of 
the straight line and the coordinates of the original curve. 
Each of the errors corresponds to a differences between the 
X-coordinate of the straight line and that of the original 
curve with respect to the same Y-coordinate. 

The extremal error value point detection unit detects 
extremal error value points where the increase or decrease in 
the errors is reversed. The auxiliary point generation unit 
generates auxiliary points, i.e., intermediate points among 
the extremal error value points including the start and end 
points of the original curve. These start point, end point, 
extremal error value points, and intermediate points serve as 
sampling points. The sampling points are interpolated with 
curves, to form a curve that approximates to the original 
curve. 

A sampling point generating apparatus according to a 
second aspect of the present invention has, in addition to the 
components of the ?rst aspect, a extremal curve value point 
detection unit for detecting extremal curve value points on 
an original curve. These points serve to ?nd sampling points. 

In this apparatus, the extremal curve value point detection 
unit detects extremal value points in the X- and Y-coordi 
mates of the original curve. At the extremal value points, an 
increase or decrease in the X- or Y-coordinates is reversed. 
The apparatus draws straight lines connecting the extremal 
value points and the start and end points of the original 
curve. Thereafter, the same steps as those in the ?rst aspect 
are taken. 

A sampling point generating apparatus according to a 
third aspect of the present invention has, in addition to the 
components of the second aspect, a curve in?ection point 
detection unit for detecting in?ection points where an 
increase or decrease in the inclinations of tangents of an 
original curve is reversed. The in?ection points serve to ?nd 
sampling points. 

In this apparatus, the extremal curve value point detection 
unit detects extremal value points on an original curve, and 
the curve in?ection point detection unit detects in?ection 
points where an increase or decrease in the inclinations of 
tangents of the original curve is reversed. The apparatus 
draws straight lines connecting the extremal value points, 
in?ection points, and the start and end points of the original 
curve. Thereafter, the same steps as those of the ?rst aspect 
are taken. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a prior art sampling point generating 
apparatus; 

FIGS. 2A and 2B show examples of curves according to 
the prior art; 

FIG. 3 shows a ?rst aspect of the present invention; 
FIG. 4 shows a second aspect of the present invention; 
FIG. 5 shows a third aspect of the present invention; 
FIG. 6 shows an arrangement of hardware according to 

the present invention; 
FIG. 7 is a ?owchart according to a ?rst embodiment of 

the present invention; 
FIGS. 8A and 8B show sampling points and curves 

according to the ?rst embodiment of the present invention; 
FIG. 9 is a ?owchart according to a second embodiment 

of the present invention; 
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FIGS. 10A and 10B show sampling points and curves 
according to the second embodiment of the present inven 
tion; 

FIG. 11 is a ?owchart according to a third embodiment of 
the present invention; and 

FIGS. 12A and 128 show sampling points and curves 
according to the third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

For a better understanding of the preferred embodiments 
of the present invention, the problems in the prior art will be 
explained with reference to FIGS. 1, 2A, and 2B, in which 
FIG. 1 shows a sampling points generating apparatus 
according to the prior art and FIGS. 2A and 2B show 
examples of curves according to the prior art. 
The apparatus of FIG. 1 generates sampling points on an 

original curve and forms a cubic curve according to the 
sampling points. The apparatus has a processing apparatus 
100 having a CPU, and a memory 102. This apparatus 
calculates an angle formed by straight lines that pass through 
the adjacent coordinates of the original curve, and if the 
angle exceeds a given threshold, generates sampling points 
at the coordinates. 

The operations of the prior art will be explained with 
reference to FIGS. 2A and 2B. 

FIG. 2A shows an original curve a on which sampling 
points are generated to form an approximate curve. The 
coordinates of the original curve a are stored in a memory 
103. The processing apparatus 100 has a sampling point 
generation unit 101 for generating sampling points accord 
ing to angular changes. The unit 101 draws straight lines 
passing through the adjacent coordinates of the original 
curve stored in the memory 103. The intervals between the 
adjacent coordinates are small. The unit 101 ?nds an angle 
between the straight lines. If the angle exceeds a given 
threshold, the unit 101 stores the coordinates as sampling 
point coordinates in a memory 104. Consequently, the 
memory 104 stores sampling points (1) to (4) as shown in 
FIG. 2A. The start and end points of the original curve are 
also stored as sampling points. 
The coordinates stored in the memory 104 are interpo 

lated with cubic curves expressed with spline and Bessel 
functions, to provide the curve of FIG. 2B. 

In this way, the prior art of FIG. 1 provides the curve of 
FIG. 2B with respect to the original curve of FIG. 2A by 
generating sampling points according to angles and by 
interpolating the sampling points with curves. The problem 
of this technique is that gentle slope portions of the original 
curve of FIG. 2A disappear in the curve of FIG. 2B. This is 
because these gentle curve portions provide no sampling 
points since an angle formed by straight lines passing 
through the adjacent coordinates of each gentle curve por 
tion is smaller than the threshold. 

FIG. 3 shows a basic arrangement of a sampling point 
generating apparatus according to the ?rst aspect of the 
present invention. 
The sampling point generating apparatus 1 includes a 

straight line coordinate calculation unit 10 for ?nding the 
coordinates of a straight line extending between the start and 
end points of an original curve, an error calculation unit 11 
for calculating errors between the straight line and the 
original curve, an extremal error value point detection unit 
12 for detecting extremal error value points according to the 
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4 
errors, an auxiliary point generation unit 13 for generating 
an auxiliary point, i.e., an intermediate point between the 
extremal error value point and a previously detected extre 
mal error value point, and memories 20 to 23. The memory 
20 stores the coordinates of the original curve, the memory 
21 stores the coordinates of the straight line, the memory 22 
stores the errors, and the memory 23 stores the coordinates 
of sampling points. 

Before generating sampling points, the coordinates of the 
original curve are stored in the memory 20. The straight line 
coordinate calculation unit 10 calculates the coordinates of 
the straight line that connects the start and end points of the 
original curve, and stores the coordinates in the memory 21. 
The error calculation unit 11 calculates errors between the 
coordinates of the straight line in the memory 21 and the 
coordinates of the original curve in the memory 20. Each of 
the errors corresponds to a difference between the Y-coor 
dinate of the straight line and that of the original curve on the 
same X-coordinate. The errors are stored in the memory 22. 

The extremal error value point detection unit 12 checks 
the errors in the memory 22 and ?nds each extremal value 
point according to the errors. The extremal value points are 
stored as sampling points in the memory 23. The extremal 
error value points are each a location where an increase or 
decrease in the errors is reversed. The auxiliary point 
generation unit 13 generates auxiliary points, i.e., interme 
diate points between the extremal error value points and the 
start and end points of the original curve and stores them as 
sampling points in the memory 23. Accordingly, the memory 
23 stores, as sampling points, the start and end points of the 
original curve, the error extremal value points, and the 
intermediate points. These sampling points are interpolated 
with curves, to provide a curve that approximates the 
original curve. 

In this way, the apparatus, according to the ?rst aspect of 
the present invention, draws a straight line between the start 
and end points of an original curve, calculates differences 
between the coordinates of the straight line and original 
curve, detects according to the differences an extremal value 
point where an increase or decrease in the differences is 
reversed, and ?nds an auxiliary point, i.e., an intermediate 
point between the new extremal value point and a previously 
detected extremal value point. The extremal value points and 
intermediate points are used as sampling points, which are 
interpolated with curves to provide a curve that approxi 
mates the original curve. 

FIG. 4 shows a basic arrangement of a sampling point 
generating apparatus according to the second aspect of the 
present invention. 
The sampling point generating apparatus 1a has the same 

components 10 to 13 and 20 to 23 as those of the arrange 
ment of FIG. 3. In addition, it has a extremal curve value 
point detection unit 14. 
The memory 20 stores the coordinates of an original 

curve. The extremal curve value point detection unit 14 ?nds 
extremal value points on the original curve, and these 
extremal value points are used as sampling points to provide 
a curve that approximates the original curve. 

First, the extremal curve value point detection unit 14 
checks the coordinates of the original curve in the memory 
20, detects each extremal value point according to the X 
and Y-coordinates of the original curve, and stores them as 
sampling points in the memory 23. At each extremal value 
point, an increase or decrease in the X- or Y-coordinates is 
reversed. The straight line coordinate calculation unit 10 
draws straight lines connecting the start and end points of the 
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original curve and the extremal curve value points. The 
coordinates of these straight lines are stored in the memory 
21. The error calculation unit 11 calculates errors between 
the coordinates of the straight lines in the memory 21 and the 
coordinates of the original curve in the memory 20. The 
errors are stored in the memory 22. 

The error extremal value point detection unit 12 detects 
extremal value points according to the errors and stores them 
as sampling points in the memory 23. The auxiliary point 
generation unit 13 generates auxiliary points, i.e., interme 
diate points between the start and end points of the original 
curve, the extremal curve value points, and the extremal 
error value points. The intermediate points are stored as 
sampling points in the memory 23. Accordingly, the memory 
23 stores, as sampling points, the start and end points of the 
original curve, the curve extremal value points, the error 
extremal value points, and the intermediate points. The 
sampling points are interpolated with curves, to provide a 
curve that approximates the original curve. 

FIG. 5 shows a basic arrangement of a sampling point 
generating apparatus according to the third aspect of the 
present invention. This apparatus 11; has the same compo 
nents 10 to 14 and 20 to 23 as those of FIG. 4. In addition, 
the apparatus 1b has a curve in?ection point detection unit 
15. 

Similar to the arrangements of FIGS. 3 and 4, the memory 
20 stores the coordinates of an original curve. Compared 
with the arrangement of FIG. 4, the arrangement of FIG. 5 
is characterized by the curve in?ection point detection unit 
15. - 

The extremal curve value point detection unit 14 checks 
the coordinates of the original curve in the memory 20, 
detects extremal curve value points according to the coor 
dinates, and stores them as sampling points in the memory 
23. The curve in?ection point detection unit 15 ?nds in?ec 
tion points on the original curve. At each in?ection point, an 
increase or decrease in the inclinations of the curve is 
reversed. 

The straight line coordinate calculation unit 10 draws 
straight lines connecting the start and end points of the 
original curve, the curve extremal value points, and the 
curve in?ection points. The coordinates of the straight lines 
are stored in the memory 21. The error calculation unit 11 
detects differences between the coordinates of the straight 
lines in the memory 21 and the coordinates of the original 
curve in the memory 20 and stores them in the memory 22. 
The extremal error value point detection unit 12 ?nds 
extremal error value points according to the errors and stores 
them as sampling points in the memory 23. The auxiliary 
point generation unit 13 generates auxiliary points, i.e., 
intermediate points among the start and end points of the 
original curve, the curve extremal value points, the curve 
in?ection points, and the error extremal value points. The 
intermediate points are stored as sampling points in the 
memory 23. Accordingly, the memory 23 stores, as the 
sampling points, the start and end points of the original 
curve, the extremal curve value points, the curve in?ection 
points, the extremal error value points, and the intermediate 
points. These sampling points are interpolated with curves to 
provide a curve that approximates the original curve. 

In this way, the apparatus according to the present inven 
tion picks up as sampling points characteristic points such as 
extremal error value points, extremal curve value points, and 
curve in?ection points of an original curve as well as 
intermediate points among the characteristic points even if 
the original curve involves gentle slope portions, and 
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6 
according to the sampling points, speedily provides a curve 
that approximates the original curve. 

FIG. 6 shows an arrangement of hardware according to 
the present invention, FIG. 7 is a ?owchart showing the ?rst 
embodiment, FIG. 9 is a ?owchart showing the second 
embodiment, and FIG. 11 is a ?owchart showing the third 
embodiment of the present invention. The ?rst to third 
embodiments correspond to the ?rst to third aspects of FIGS. 
3 to 5, respectively. 
The arrangement of FIG. 6 has a processing apparatus 40 

having a CPU and a program memory, and a memory set 41 
including memories 42 to 45. The memory 42 stores the 
coordinates of an original curve. These coordinates are 
stored before ?nding sampling points on the original curve. 
The memory 43 stores the coordinates of straight lines 
connecting some of the coordinates of the original curve. 
The memory 44 stores errors between the coordinates of the 
original curve and the coordinates of the straight lines. The 
memory 45 stores sampling points. This hardware arrange 
ment carries out any one of the ?rst to third aspects of the 
present invention, to provide sampling points. It is possible 
to realize the memory set 41 in an external storage unit. 

The ?owchart of FIG. 7 of the ?rst embodiment will be 
explained with reference to FIGS. 8A and 8B, in which FIG. 
8A shows the coordinates of an original curve and FIG. 8B 
shows sampling points and curves interpolating the sam 
pling points according to the ?rst embodiment. 

Step S1 of FIG. 7 ?nds the start and end points of the 
original curve in the memory 42 and draws a straight line 
between the start and end points. In FIG. 8A, the original 
curve a has the start and end points b and 0 indicated with 
black dots. The points b and c are connected to each other 
with the straight line d. The coordinates of the straight line 
(I are stored in the memory 43. 

Step S2 calculates errors between the coordinates of the 
original curve a in the memory 42 and the coordinates of the 
straight line d in the memory 43. The errors are stored in the 
memory 44. 

Step S3 picks out one of the errors in the memory 44 and 
determines whether or not the error corresponds to an 
extremal value point. If the error at the current point is 
smaller than the error at the previous point, and the error at 
the next point, or the error at the current point is larger than 
the error at the previous point, and the error at the next point, 
the current point is determined to be an extremal error value 
point. In FIG. 8A, an extremal error value point e indicated 
with a white dot is detected between the start point b and the 
end point c according to errors, i.e., diiferences between 
Y-coordinates on the same X-coordinate. 

Step S4 detects an auxiliary point, i.e., an intermediate 
point between the current extremal value point detected by 
the step S3 and a previously detected extremal value point, 
if the previous one is in the memory 45. If there is no 
previous extremal value point, intermediate points between 
the current extremal point and the start and end points are 
obtained. In FIG. 8A, a point f between the start point b and 
the extremal value point e as well as a point g between the 
extremal value point e and the end point 0 is obtained as an 
intermediate point indicated with square dots. Each of the 
intermediate points is located in the middle of a segmental 
curve between the corresponding points. 

Step S5 stores the coordinates of the extremal error value 
point, intermediate points, and start and end points as the 
coordinates of sampling points in the memory 45. Step S6 
detemiines whether or not all of the errors have been 
checked, and if not, the ?ow returns to the step S3. In FIG. 
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8A, the start point a, auxiliary point f, extremal value point 
e, auxiliary point g, and end point 0 are sampling points. 
These sampling points are interpolated with curves, to 
provide the approximate curve of FIG. 8B. 

In this way, the ?rst embodiment selects as sampling 
points the characteristic points such as extremal error value 
points of an original curve as well as intermediate points 
among the characteristic points, and according to the sam 
pling points, creates a curve, that approximates the original 
curve, at high speed. 
The ?owchart of FIG. 9 according to the second embodi 

ment of the present invention will be explained with refer 
ence to FIGS. 10A and 10B, in which FIG. 10A shows the 
coordinates of an original curve and FIG. 10B shows sam 
pling points and an approximate curve obtained by interpo 
lating the sampling points according to the second embodi 
ment. 

Step $11 of FIG. 9 detects extremal curve value points on 
the original curve according to the X- and Y-coordinates of 
the original curve in the memory 42. The coordinates of the 
extremal value points are saved as the coordinates of sam 
pling points in the memory 45. In FIG. 10A, a point d 
indicated with a triangle dot where an increase or decrease 
in the X- or Y-coordinates of the original curve is reversed 
is the extremal curve value point. 

Step S12 draws straight lines connecting the start, extre 
mal value, and end points of the original curve. The coor 
dinates of the straight lines are stored in the memory 43. In 
FIG. 10A, a straight line e is drawn between the start point 
a and the extremal value point (I, and a straight line f 
between the extremal value point d and the end point 0. 

Step S13 calculates errors between the coordinates of the 
original curve and the coordinates of the straight lines. Step 
S14 picks up one of the errors and determines whether or not 
the error corresponds to an extremal error value point. The 
step S14 is the same as the step S3 of FIG. 7. Step S15 refers 
to the memories 42 and 45 and generates an auxiliary point, 
i.e., an intermediate point between the current extremal error 
value point and a previously detected extremal error value 
point in the memory 45 (if there is no previous point, the 
start point is employed). Step S16 stores the coordinates of 
the current extremal error value point and an intermediate 
point as the coordinates of sampling points in the memory 
45. Step S17 determines whether or not all of the errors have 
been checked, and if not, the ?ow returns to the step S14. 

In FIG. 10A, a point g is an extremal error value point 
according to the errors between the original curve a and the 
straight line e, and a point h is an extremal error value point 
according to the errors between the original curve a and the 
straight line f. The points g and h are indicated with white 
dots in the ?gure. One of the intermediate points (auxiliary 
points) indicated with square dots is a point i between the 
points b and g. The others are j, k, and l. The coordinates of 
these extremal error value points and intermediate points are 
stored as the coordinates of sampling points in the memory 
45. 

The sampling points b, i, g, j, d, k, h, l, and c of FIG. 10A 
stored in the memory 45 are interpolated with curves, to 
provide the approximate curve of FIG. 10B at a high speed. 
With these sampling points including the characteristic 
points such as the extremal curve value points and extremal 
error value points as well as the intermediate points, the 
approximate curve of FIG. 10B is more closer to the original 
curve than the approximate curve of FIG. 8B. 

The ?owchart of FIG. 11 according to the third embodi 
ment of the present invention will be explained with refer 
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8 
ence to FIGS. 12A and 12B, in which FIG. 12A shows the 
coordinates of an original curve and FIG. 12B shows sam 
pling points and an approximate curve formed by interpo 
lating the sampling points with curves according to the third 
embodiment. 

Step S21 of FIG. 11 detects extremal curve value points 
on the original curve and stores them as sampling points in 
the memory 45. This step is the same as the step S11 of FIG. 
9. In FIG. 12A, a point d indicated with a triangle dot is 
detected as on extremal curve value point on the original 
curve. 

Step S22 detects in?ection points on the original curve 
and saves them as sampling points in the memory 45. At 
each in?ection point, an increase or decrease in the inclina 
tions of tangents of the original curve is reversed. In FIG. 
12A, in?ection points are e and f indicated with x marks. 

Step S23 draws straight lines connecting the start point, a 
extremal curve value point, in?ection points, and the end 
point of the original curve. The coordinates of the straight 
lines are saved in the memory 43. In FIG. 12A, a straight line 
g is drawn between the start point b and the in?ection point 
e, a straight line h between the in?ection point e and the 
extremal value point (1, a straight line i between the extremal 
value point d and the in?ection point f, and a straight line j 
between the in?ection point f and the end point 0. 

Step S24 calculates errors between the coordinates of the 
original curve and the coordinates of the straight lines. Step 
S25 picks up each of the errors and determines whether or 
not the error corresponds to an extremal error value point. 
This step is the same as the step S3 of FIG. 7. According to 
the data stored in the memories 42 and 45, step S26 
generates an auxiliary point, i.e., an intermediate point 
between the extremal error value point and a previously 
detected extremal error value point stored in the memory 45 
(if there'is no previous point, the start point of the original 
curve is used as the previous point). Step S27 stores the 
coordinates of the extremal error value point and interme 
diate point as the coordinates of sampling points in the 
memory 45. Step S28 determines whether or not all of the 
errors have been checked, and if not, the ?ow retums to the 
step S25. 

In FIG. 12A, points k, l, m, and n indicated with white 
dots are the extremal error value points, and the point k is 
detected in the errors between the original curve a and the 
straight line g, the point 1 in the errors between the original 
curve a and the straight line h, the point In in the errors 
between the original curve a and the straight line i, and the 
point 11 in the errors between the original curve a and the 
straight line j. The auxiliary points, i.e., intermediate points 
between these points including the start and end points of the 
original curve are points 0, p, q, r, s, t, u, and vindicated with 
square dots. These points are stored as sampling points in the 
memory 45. 
The coordinates of the sampling points in the memory 45 

are interpolated with curves, to provide the approximate 
curve of FIG. 12B. This curve involves the characteristic 
points such as the extremal curve value point, in?ection 
points, and extremal error value points of the original curve 
as well as the auxiliary points among the characteristic 
points, so that the approximate curve of FIG. 12B is closer 
to the original curve than that of FIG. 10B. 

As explained above, the ?rst to third aspects of the present 
invention employ the characteristic points such as the extre 
mal error value points, extremal curve value points, and 
in?ection value points of an original curve as well as 
intermediate points between the characteristic points as 
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sampling points to provide a high-quality approximate 
curve, of the original curve, at high speed. 
We claim: 
1. A sampling point generating apparatus comprising: 
means for drawing a straight line between the start and 

end points of an original curve; 
means for calculating errors between the coordinates of 

the original curve and the coordinates of the straight 
line; 

means for detecting at least one extremal error value point 
where increase or decrease in the errors is reversed; and 

means for generating an auxiliary point between each pair 
of neighboring points of the at least one extremal error 
value point and between the start and end points, 
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wherein the start and end points, the at least one extremal 

error value point and the auxiliary points serve as 
sampling points to provide a cubic curve that approxi 
mates the original curve. 

2. The apparatus according to claim 1 further comprising 
means for detecting extremal curve points on the original 
curve, the extremal curve value points being used as the start 
and end points. 

3. The apparatus according to claim 2 further comprising 
means for detecting in?ection points where an increase or 
decrease in the inclination of tangents of the original curve 
is reversed, the in?ection points being used as the start and 
end points. 
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